Introduction
============

According to the National Health and Nutrition Survey 2006 (ENSANUT 2006), 14% of adults live with diabetes in Mexico, with half of the cases being newly diagnosed patients identified during population screening.[@b1-ppa-10-1349] This epidemiological profile represents a doubling in the frequency of diabetes since 1993.[@b2-ppa-10-1349] Hence, diabetes-related late complications are also increasing in Mexico, so that by the year 2014, diabetes was considered the leading cause of general mortality, with more than 80,000 deaths attributed to its related acute and chronic complications.[@b3-ppa-10-1349] This changing paradigm in public health has been explained by the steep rise in the frequency of overweight, in the context of the economical and cultural transition toward a lifestyle of excessive energy intake and low expenditure.[@b4-ppa-10-1349]--[@b6-ppa-10-1349]

Adequate diabetes care and patients' knowledge and adherence reduce acute and long-term complications.[@b7-ppa-10-1349],[@b8-ppa-10-1349] However, diabetes is very often diagnosed late and standards of care are not followed as recommended, especially in developing countries.[@b9-ppa-10-1349]--[@b11-ppa-10-1349] Physicians may overestimate the effectiveness of the care they provide,[@b12-ppa-10-1349] which may impose a barrier in attaining therapeutic targets in an effective manner. This phenomenon has been demonstrated in the management of chronic diseases such as hypertension and dyslipidemia.[@b12-ppa-10-1349]--[@b15-ppa-10-1349] However, patient's and physician's perception in relation to diabetes control has been poorly assessed.[@b16-ppa-10-1349]--[@b18-ppa-10-1349] Empowerment has been recognized as a patient-centered model of care that enhances adherence and improves aspects of diabetes control and the perception of quality of life.[@b19-ppa-10-1349]--[@b25-ppa-10-1349] Empowerment has also been associated with a reduced frequency of chronic complications.[@b26-ppa-10-1349] In fact, lower levels of empowerment are associated with more barriers for an effective management and with poor control.[@b27-ppa-10-1349],[@b28-ppa-10-1349] The objective of the present report is to describe the characteristics of management of Mexican patients with diabetes in relation to their physicians' perception and characteristics of patients' empowerment, such as self-monitoring and self-control.

Patients and methods
====================

Study design
------------

The International Diabetes Management Practices Study (IDMPS) was a 5-year multinational survey designed to provide information regarding the clinical practice and care delivered to patients with type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM) in developing countries, especially about insulin usage patterns.[@b9-ppa-10-1349],[@b10-ppa-10-1349],[@b29-ppa-10-1349],[@b30-ppa-10-1349] The main objective of this registry is to document changes in clinical practice over a 5-year period, starting in November 2005, and organize recruitment in five waves (every 12 months each). The Internal Committee of Ethics of each participating center reviewed and approved the patients' enrollment. Approval from a single institutional review board was not obtained as IDMPS was a global multinational registry. Signed informed consent was required for every patient in order to be enrolled in the study.

Participants
------------

The IDMPS was an observational project composed of five registries (the so-called waves) in a 5-year period to assess the current practices in the management of subjects with diabetes. Each wave consisted of two phases: a 2-week cross-sectional registry and a 9-month longitudinal survey. A 3-month interval separated the end of the longitudinal survey and the start of the next wave. Information on the 2007 cross-sectional registry (the third wave) carried on in Mexico is analyzed in the present report. The number of subjects to be recruited in each participating country was determined on a country basis. Based on the assumption that insulin is the least prescribed therapy, the sample was determined in order to establish the frequency of insulin-treated patients. Physicians experienced with insulin management were invited to participate with a maximum of ten patients with T2DM and five with T1DM. Patients of both sexes, aged ≥18 years, who were visiting the physician during the recruitment period of the cross-sectional phase, were selected for the registry. Patients were excluded if they had concomitant participation in another clinical descriptive or interventional study, if they participated in a previous wave of IDMPS, or if they were under current temporary insulin treatment (gestational diabetes, surgery, pancreas cancer, sepsis, and other conditions).

Measures
--------

The information was collected on standardized case report forms (CRFs) about demographics, medical history, pharmacologic and lifestyle therapy, glycemic control and other therapeutic targets, blood glucose self-monitoring, access to diabetes education, access to specialized care, hospitalizations, and medical complications and work absenteeism, among other variables. CRFs contained the question "Is the patient at target?" at the end of the document, and physicians were instructed to answer this question based on personal opinion about the global status of control of their patients. The possible standardized answers to this question were "yes", "no", and "unknown". This question was not addressed immediately after the section of hemoglobin A1c (HbA1c) and other biochemical measurements in order to avoid perception bias toward a specific metabolic profile. Nevertheless, each investigator filled the CRFs completely, including the laboratory results and the qualitative questions. For the present analysis, our hypothesis was that physicians often overestimate the frequency of the patients at therapeutic target. We regarded HbA1c as pivotal for considering a patient at target, in such a way that if a patient had HbA1c ≥7%, he/she should not be considered under optimal control, even if blood pressure, lipids, body weight, and other variables were at target.

Statistical analyses
--------------------

Parametric continuous variables were expressed as geometric mean and standard deviation (SD) or minimum and maximum. Categorical variables were expressed as percentages. To compare quantitative variables distributed between the two groups, Student's *t*-test or Mann--Whitney *U*-test was performed in distributions of parametric and nonparametric variables, respectively. Chi-square statistics (ie, Pearson's chi-squared test or Fisher's exact test, as corresponded) were used to compare nominal variables in univariate analyses. Kappa test was used to assess the agreement between physicians' perception and the frequency of patients being at target HbA1c. All *P*-values were two sided and regarded as significant when *P*\<0.05. Statistical analyses were conducted with the SAS software Version 8.02.

Results
=======

A total of 200 physicians included at least one patient in the third wave of the IDMPS project. Participating physicians were clustered for this analysis in two medical practice groups: 58 endocrinologists/diabetologists and 57 primary care practitioners/internists/cardiologists. The specialty was missing for 85 physicians. Endocrinologists/diabetologists had been practicing medicine for 17.9 years on average and general practitioners/internists/cardiologists for 18.4 years. On average, endocrinologists/diabetologists reported that they usually see 127 patients per month and primary care practitioners/internists/cardiologists declared that they see 103 patients per month. A total of 3,052 patients were recruited, and 2,642 (87%) met the eligibility criteria, among whom 203 patients with T1DM (60.6% women, mean age 31.26 years, median 27 years, 76.8% \<40 years) and 2,439 patients with T2DM (60.2% women, mean age 56.7 years, median 57 years, 9.3% \<40 years) are described here ([Table 1](#t1-ppa-10-1349){ref-type="table"}).

Of the patients with T1DM, 91% lived in urban areas and 60.6% had university education, whereas 89% of subjects with T2DM lived in urban conglomerates and only 32% had university education. Most patients received public health insurance (62.4% of subjects with T1DM and 52.8% of subjects with T2DM). Among patients with T1DM, 70.3% had diabetes \>5 years since diagnosis. In patients with T2DM, 60.8% had diabetes \>5 years since diagnosis. Any late diabetes complication was identified in 39.1% of patients with T1DM and 45.2% of patients with T2DM. The mean age and time since diabetes diagnosis of patients seen by endocrinologists/diabetologists were lower than those patients seen by general practitioners/internists/cardiologists in both T1DM (mean age: 27.6 years vs 36.9 years, respectively; mean diabetes evolution: 10.8 years vs 12.4 years, respectively) and T2DM groups (mean age: 55.4 years vs 57.4 years, respectively; mean diabetes evolution: 8.8 years vs 9.6 years, respectively).

In all, 65.3% of patients with T1DM and 47.8% of patients with T2DM received any type of diabetes education. In patients with T2DM, diabetes education was more frequent among insulin users (49% in insulin users and 56.2% in insulin plus oral agents users) than among patients on oral agents or on diet and exercise (46% in oral agents users and 25.6% of patients on diet and exercise exclusively; *P*\<0.001). Among those who had received diabetes education, individual training occurred in 58.9% of patients with T1DM and 69.7% of patients with T2DM. However, 12.5% of patients with T1DM pertained to any patient-centered diabetes association, in contrast with 3.7% of subjects with T2DM.

All patients with T1DM were users of insulin (78.8% insulin treatment alone and 21.2% a combination of therapies), whereas 33.2% of subjects with T2DM were on insulin therapy (10.9% insulin treatment alone and 22.3% a combination of oral agents and insulin; [Table 2](#t2-ppa-10-1349){ref-type="table"}). Vials plus syringes was the most common means to administer insulin in both T1DM (72.4%) and T2DM (62.3%) groups. Only 10.8% of patients with T1DM and 15.8% of patients with T2DM were users of disposable pens, while 12.3% of patients with T1DM and 20% of patients with T2DM used reusable pens. Self-injection of insulin was usually done by 91.1% of subjects with T1DM and 65.3% of subjects with T2DM.

The majority of patients, especially insulin users, had a glucometer at home ([Table 3](#t3-ppa-10-1349){ref-type="table"}). In general, self-monitoring of fasting glycemia occurred on a daily basis in patients with T1DM and every other day in patients with T2DM. In contrast, prandial glucose monitoring was recorded in 57.8% of patients with T1DM and only 26.1% of patients with T2DM. Prandial glucose monitoring occurred less than one time per day in both T1DM and T2DM groups. Surprisingly, either fasting or prandial self-monitoring was more frequent among patients on lifestyle intervention than among insulin users ([Table 3](#t3-ppa-10-1349){ref-type="table"}).

The patients perceived at target had a lower mean HbA1c (in patients with T1DM: 7.12% vs 9.56%; in patients with T2DM: 7.26% vs 9.51%; in both comparisons *P*\<0.001) and fasting blood glucose (in patients with T1DM: 128.0 mg/dL vs 178.3 mg/dL; in patients with T2DM: 133.6 mg/dL vs 203.54 mg/dL; in both comparisons *P*\<0.001) than those considered not at target. However, overestimation of the frequency of patients with HbA1c \<7% was 41.5% in patients with T1DM and 31.7% in patients with T2DM (underestimation: 2.8% and 8.0%, respectively). The agreement between physician's perception and class of HbA1c was suboptimal (*κ*: 0.612). Diabetologists and endocrinologists tested HbA1c more frequently than primary care practitioners, internists, or cardiologists put together (90.3% vs 67.6%, *P*=0.002); however, no differences were observed in the mean HbA1c for both patients with T1DM (8.4% vs 7.2%, respectively; *P*=0.42) and patients with T2DM (8.03% vs 8.01%, respectively; *P*=0.87).

Among insulin users, self-adjustment of insulin dose was practiced by 63.2% of patients with T1DM and by only 29.7% of patients with T2DM. In both T1DM and T2DM groups of insulin users, there was a positive interaction between physicians' perception, patient's self-monitoring, and self-adjustment of insulin dose ([Figures 1](#f1-ppa-10-1349){ref-type="fig"} and [2](#f2-ppa-10-1349){ref-type="fig"}), so that individuals having all these three characteristics had a mean HbA1c significantly lower than patients who did not have any (in both comparisons, *P*\<0.001).

Discussion
==========

The primary objective of this study was to assess the therapeutic management of patients with diabetes in the current medical practice in Mexico.[@b29-ppa-10-1349],[@b30-ppa-10-1349] It is confirmed here previous observations on the wide gap prevailing between current recommendations and the actual standards of care delivered to Mexican patients with diabetes.[@b29-ppa-10-1349]--[@b32-ppa-10-1349] As previously observed in Mexican and international populations,[@b9-ppa-10-1349],[@b16-ppa-10-1349] physicians tend to overestimate their performance in terms of achieving therapeutic goals. Nonetheless, as we expected, the physician's good impression on the global achievement of therapeutic targets as well as characteristics of patient's empowerment (self-monitoring and self-adjustment of insulin dose) interacted positively in attaining the HbA1c goal. Our results suggest that the physician's perception solely is not a good indicator of the quality of care, but this characteristic of patients who practice self-monitoring and self-adjustment of insulin, provided that they received diabetes education on these characteristics of patients' empowerment, performed better in terms of HbA1c goals.

Patient empowerment is a multidimensional concept in evolution that was initially defined as "the process whereby patients have the knowledge, skills, attitudes and self-awareness necessary to influence their own behavior and that of others in order to improve the quality of their lives".[@b33-ppa-10-1349] This concept assumes that changes in self-efficacy are associated with improvements in the quality of diabetes control that ultimately impact on meaningful outcomes. However, this psychosocial approach of the phenomenon based on the evaluation of attitudes and perceptions not always corresponds with better health control.[@b34-ppa-10-1349] When more objective measurements of patients' participation in self-care are studied, characteristics of a proactive empowerment have been associated with better diabetes outcomes, either in observational or interventional studies.[@b19-ppa-10-1349]--[@b28-ppa-10-1349] Thus, the evolving concept of empowerment should ideally include changes and assessments in perceptions, attitudes, level of engagement, adherence, participation in education programs, active and flexible diet changes in response to daily glucose levels, glucose and blood pressure self-monitoring, as well as self-adjustment of medications with a special focus on insulin dosing, among other variables that characterize patients with sufficient knowledge to make rational decisions on their own care.[@b19-ppa-10-1349] Among these characteristics, self-management is the most consistently associated characteristic with better outcomes,[@b35-ppa-10-1349] including resource utilization and glucose endpoints.[@b24-ppa-10-1349],[@b36-ppa-10-1349]

Another important observation of the present analysis is that, surprisingly, diabetes specialists performed equal to general practitioners, internists, and cardiologists as a group, in spite of a more frequent laboratory monitoring of patients with T1DM and patients with T2DM by the diabetes-trained physicians. It is important to address that in some institutions, the endocrinologist/diabetologist reviews come as a second-level strategy after the primary care failed to control difficult cases.[@b4-ppa-10-1349] However, although it cannot be ruled out the possibility that diabetes specialists had the most complicated cases, in the present report, we observed that the nonspecialists actually treated older patients and with longer disease durations.

There is a direct relationship between HbA1c and microvascular complications (mainly, neuropathy, nephropathy, and retinopathy), as well as cardiovascular diseases (ie, macrovascular complications, mainly, coronary artery disease, stroke, and peripheral artery disease).[@b37-ppa-10-1349] Also, randomized controlled trials have conclusively demonstrated that the risk of microvascular complications can be reduced by intensive glycemic control in patients with T1DM and patients with T2DM.[@b38-ppa-10-1349]--[@b42-ppa-10-1349] Nonetheless, these trials have failed in demonstrating that stringent glycemic control (ie, HbA1c \<7%) reduces macrovascular complications.[@b38-ppa-10-1349]--[@b42-ppa-10-1349] With a descriptive design, IDMPS has shown comparable findings.[@b17-ppa-10-1349],[@b18-ppa-10-1349],[@b27-ppa-10-1349] More or less stringent goals may be appropriate for certain subgroups of patients.[@b39-ppa-10-1349] However, stringent control of comorbid cardiovascular risk factors may delay a number of complications in most patients.[@b40-ppa-10-1349]--[@b44-ppa-10-1349] It is also possible that in order to observe a meaningful risk reduction of macrovascular disease, preventive strategies must reach the patient in the early onset of arterial disease.

In this study, patients with T2DM treated with insulin were more frequently educated about diabetes than patients on oral glucose lowering drug (OGLD) and even more commonly educated than patients managed with diet and exercise only. In a 3-month period, individuals with T2DM on insulin therapy visited a specialist for a follow-up visit as frequently as other patients with T2DM. Unfortunately, insulin-treated patients were not in better glycemic control than those treated with OGLD or lifestyle modifications.

The main limitation of the present report is that most of the physicians who were invited to participate in the IDMPS study had experience with insulin therapy; and hence, the present information may not reflect the real characteristics of the rest of the country. This may also introduce bias by overrepresenting patients with advanced disease. Another limitation is the cross-sectional design and the nonstandardized laboratory assessments. Other possible influencing factors of therapeutic targets achievement were not completely studied, such as physician--patient interaction, the content of the diabetes education sessions, and self-assessments of diabetes complications, among other factors. Nonetheless, this study highlights that some of the characteristics of a proactive patient's empowerment, by means of self-monitoring and self-adjustment of therapy, constitute an effective approach that should be explicitly tested in clinical trials focusing on therapeutic targets and late complications. Knowledge is necessary for action; hence, these data provide an important basis for impending institutional response toward improvement of the management provided to patients with the most important chronic disease in Mexico.

Conclusion
==========

In the present data set of the IDMPS project, insulin-treated patients received more frequent diabetes education and had more frequent laboratory targets tested by their treating physicians, but they were not in better glycemic control as compared with patients on oral agents or with lifestyle modifications alone. More insulin-treated patients have a glucometer at home, but the self-testing practice is less frequent than patients treated with other alternatives. Although physicians tend to overestimate the global impression of good control, characteristics of patient's empowerment such as self-monitoring and self-adjustment appear to interact with the global physicians' impression in identifying patients who achieved glycemic targets.
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###### 

Characteristics of Mexican patients with diabetes mellitus included in the 3-week IDMPS study

  Basal characteristics                  T1DM patients (n=203)   T2DM patients (n=2,439)
  -------------------------------------- ----------------------- -------------------------
  Age (years), median (IQ range)         27.0 (22--54)           57.0 (32--88)
  Female, %                              60.6                    60.2
  Residency in urban areas, %            91.0                    89.0
  Illiteracy, %                          2.2                     5.7
  University education, %                60.6                    32.1
  Private health insurance, %            11.1                    9.2
  Public health insurance, %             62.4                    52.8
  Time since diagnosis of diabetes                               
   \<1 year, %                           8.5                     17.3
   1--4 years, %                         21.1                    21.8
   5--9 years, %                         23.1                    25.6
   10--19 years, %                       29.6                    26.0
   ≥20 years, %                          17.6                    9.2
  History of hypertension, %             23.2                    54.8
  Current smoking status, %              7.9                     6.6
  Any diabetes-related complication, %   39.1                    45.2
  BMI, mean (SD)                         24.62 (4.27)            29.60 (5.78)
  Waist circumference (cm), mean (SD)    83.84 (11.87)           98.81 (13.63)
  SBP (mmHg), mean (SD)                  114.94 (18.23)          126.76 (17.46)
  DBP (mmHg), mean (SD)                  73.60 (10.05)           77.61 (9.60)
  Fasting glycemia (mg/dL), mean (SD)    161.62 (80.90)          166.42 (78.03)
  HbA1c, mean (SD)                       8.80 (2.34)             7.99 (2.14)
  Total cholesterol (mg/dL), mean (SD)   179.59 (49.85)          194.00 (47.49)
  Triglycerides (mg/dL), mean (SD)       128.63 (114.74)         197.09 (118.61)

**Abbreviations:** IDMPS, International Diabetes Management Practices Study; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; IQ, interquartile; BMI, body mass index; SD, standard deviation; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, hemoglobin A1c.

###### 

Characteristics of treatment of Mexican patients with diabetes mellitus included in the 3-week IDMPS study

  Variable                                                    T1DM patients   T2DM patients   Total T2DM patients              
  ----------------------------------------------------------- --------------- --------------- --------------------- ------ --- ------
  Class of OGLD treatment, %                                                                                                   
   Metformin                                                  38.5            20.6            0                     26.8   0   22.2
   Sulfonylureas                                              7.7             10.2            0                     8.2    0   9.6
   Metformin + sulfonylureas                                  17.9            45.3            0                     41.2   0   44.2
   Other                                                      35.9            23.9            0                     23.7   0   23.9
  Current insulin treatment, %                                                                                                 
   Basal alone                                                28.0            0               65.3                  71.0   0   69.1
   Basal + prandial                                           60.0            0               13.2                  11.2   0   11.9
   Others                                                     1.5             0               3.4                   1.8    0   2.3
   Prandial alone                                             3.0             0               1.9                   1.3    0   1.5
   Premix alone                                               7.5             0               16.2                  14.7   0   15.2
  Detail of prandial insulin for basal + prandial scheme, %                                                                    
  Basal + aspart                                              12.6            0               11.4                  5.0    0   7.4
   Basal + lispro                                             62.2            0               48.6                  48.3   0   48.4
   Basal + regular insulin                                    23.5            0               37.1                  26.7   0   30.5
   Basal + glulisine                                          1.7             0               2.9                   20.0   0   13.7
  Detail of basal insulin for basal + prandial scheme, %                                                                       
   Prandial + NPH                                             51.3            0               40.0                  52.5   0   47.9
   Prandial + glargine                                        39.5            0               51.4                  33.9   0   40.4
   Prandial + detemir                                         8.4             0               5.7                   6.8    0   6.4
   Prandial + other basal                                     0.8             0               2.9                   6.8    0   5.3

**Abbreviations:** IDMPS, International Diabetes Management Practices Study; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; OGLD, oral glucose lowering drug; NPH, neutral protamine Hagedorn.

###### 

Characteristics of insulin treatment and achievement of therapeutic targets in Mexican patients with diabetes mellitus included in the 3-week IDMPS study

  Variable                                                                  T1DM patients   T2DM patients   Total T2DM patients                                 
  ------------------------------------------------------------------------- --------------- --------------- --------------------- -------------- -------------- --------------
  Patients having glucometer at home, %                                     84.2            51.7            68.4                  70.8           29.3           56.9
  Patient self-monitoring of fasting capillary blood glucose, %             80.5            50.2            62.5                  70.1           28.4           55.2
  Frequency of fasting self-monitoring per month, mean (SD)                 31.3 (28.2)     9.4 (10.8)      15.7 (17.0)           14.2 (12.4)    11.6 (20.0)    11.6 (12.6)
  Last self-monitoring fasting capillary blood glucose, mean (SD), mg/dL    141.9 (69.6)    141.4 (59.9)    151.0 (56.2)          154.9 (65.4)   114.8 (23.4)   145.9 (61.0)
  Patient self-monitoring of prandial capillary blood glucose, %            57.8            22.7            29.9                  36.4           9.3            26.1
  Patients at target HbA1c \<7%, %                                          20.9            46.2            19.3                  19.4           46.3           36.8
  Patients at target HbA1c \<7% + BP \<130/80 mmHg + LDL \<100 mg/dL, %     5.3             3.7             0.4                   1.2            2.9            2.7
  Frequency of prandial self-monitoring per month, mean (SD)                19.7 (22.0)     7.8 (8.2)       8.4 (9.5)             10.3 (11.5)    17.9 (30.7)    8.8 (10.1)
  Last self-monitoring prandial capillary blood glucose, mean (SD), mg/dL   177.9 (73.9)    161.5 (64.1)    173.5 (74.7)          184.8 (71.9)   124.8 (24.3)   169.7 (68.5)
  Patients perceived at target by their treating physicians, %              30.5            43.2            34.6                  28.4           41.3           38.9
  Perceived reasons for not reaching the target                                                                                                                 
   No compliance to lifestyle recommendations, %                            50              50.4            43.9                  46.1           37.8           48.2
   No compliance to drug treatments, %                                      8.8             13.0            11.5                  12.5           27.0           13.0
   Concomitant illness, %                                                   5.9             5.3             16.6                  11.9           2.7            8.3
   Weight concern, %                                                        1.5             6.7             4.5                   4.1            0              5.5
   Hypoglycemia events, %                                                   5.1             0.3             2.5                   2.2            0              1.0
   Insufficient education, %                                                13.2            17.1            18.5                  11.9           18.9           15.9
   No self-monitoring of blood glucose, %                                   1.5             2.0             1.9                   1.6            2.7            1.9
   Insufficient self-monitoring of blood glucose, %                         3.7             3.1             6.4                   5.1            2.7            4.1
   Lack of efficacy of current therapy, %                                   5.1             7.5             6.4                   8.7            2.7            7.6
  Initiation of insulin therapy in basal visit according to results, %      26.5            20.4            14.6                  21.2           50.0           20.2
  Stop of insulin therapy in basal visit according to results, %            10.0            0.9             7.6                   12.2           1.1            4.1
  Change of insulin therapy in basal visit according to results, %          39.6            7.3             32.0                  38.9           20.0           28.4

**Abbreviations:** IDMPS, International Diabetes Management Practices Study; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; SD, standard deviation; HbA1c; hemoglobin A1c; BP, blood pressure; LDL, low-density lipoprotein; OGLD, oral glucose lowering drug.
